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ABSTRACT

The feasibility of using induction heating and con-
comitant quenching for hot winding large helical springs
was established by the Research Directorate, Weapons
Laboratory, WECOM. A full-scale experimental system was
assembled, and M140 gun mount counterrecoil springs were
coiled from three different materials. Springs with proper
load-carrying capacity were produced from each of the ma-
terials.
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INTRODUCTION

This project was centered upon the investigation and
evaluation of possible methods to upgrade current technology
of hot-wound spring manufacture. Primarily, the project
was directed toward the use of high-frequency induction
heating methods and, subsequently, effort was also di-
rected toward concomitant sequential quenching during hot
winding.

The counterrecoil spring of the M140 gun mount was
selected as a representative for testing the heating and
quenching concepts. This spring has an outside diameter
of approximately 13-1/2 inches and free height of 45 inches,
made of 1 inch diameter wire (Dwg F8671112, Appendix A and
Figure 1). The spring must pass the stringent Class A
spring requirements of Specification MIL-S-13572, which
includes presetting to solid height a minimum of five con-
secutive cycles with no more than 0.002 in/in loss in
free height (Figures 1-3). The spring must also exert a
force of approximately 3000 pounds when compressed to
22-1/2-inch operating height (Figure 2).

Three materials were selected for test: (1) the then
current 9262-H steel called for by the drawing, (2) a pre-
vious drawing material, 5160-H steel, and (3) a new ma-
terial being used in the spring application, 250-Grade
maraging steel. Only very small quantities of the 9262-H
steel and the marage material (other than entire steel mill
heats) were available. A1l preliminary work on the project,
therefore, was with the 5160-H material.

Preliminary concepts were to pass the approximately
27-foot length of 1-inch wire through an induction coil and
directly onto the rotating mandrel Either the coil and
wire could traverse to produce a helical spring or the
mandrel could traverse. The former, with a rotating but
fixed-axis-1ine mandrel was more readily adopted to the
available equipment.

DISCUSSION

System Development

Procurement cost of a completed commercial hot-winding
system was estimated to be from $400,000 to $500,000, which
was well beyond the funds extended for the project. The
application of induction heating and in-line quenching
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FIGURE 1 Spring F at Free Height
in a Universal Test Machine
(11-199-1317/AMC-72)



FIGURE 2
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Spring F Compressed to Operating Height
of 22-1/2 Inches. Average Load on Last Five
Cycles was 3030 Pounds; Loss in Free Height was
from 47-9/16 Inch to 47-1/2 Inches.
(11-199-1318/AMC-72)
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FIGURE 3 Spring F Compressed to Approximate
Solid Height. Average Load was 5370 Pounds.
(11-199-1320/AMC-72)



while winding, however, could be developed and tested full
scale by modification of on-hand equipment. The resultant
system would be cumbrous and not applicable to production,
but it would show the feasibility of the system.

A large belt-driven lathe was modified with a 7-1/2-
horsepower, 1750 max. RPM, D.C., motor and a 20 to 1 gear
box. The gear ratio of the lathe yielded a final ratio of
280 to 1 from the motor to a mandrel on the lathe. The
modified lathe was placed near a 150 kilowatt, 9720 Hertz
induction heating unit. Auxiliary controls for the motor
speed, the temperature in the induction coil, and subse-
quently for the quenchant were breadboarded on a furnace
control panel, and moved to the proximity of the lathe and
the induction unit.

Original concepts of the winding system embodied the
use of water-cooled cables to connect the high-amperage
output of the induction heater to the induction coil which
was bracketed to the lathe feed. Over forty combinations
of transformer ratios (from 9:1 to 5:1) and capacitors
(300 KVA rated) were used with over a dozen different coils,
yet no combination succeeded in heating the 1-inch bar with-
in a time frame suitable for hot winding. Experience had
shown that 150 KW was more than sufficient to heat the bar;
the power loss in the high amp cables was too great.

The heating problem was finally solved by moving the
transformer and capacitor bank of the induction unit to the
bracket with the coil, i.e., to the Tathe feed and thereby
the power loss in the cables was eliminated. The final
lathe and coil modifications are shown in Figure 4.

The 1-inch wire extends to the left of the control
panel in the figure. The left control panel contains the
temperature indication and set hands, and the switches for
power, motor, speed, and heat (Figure 5). The major com-
ponents are labeled in Figure 4. Figure 6 illustrates
the final position of the induction coil after a spring
was hot-wound (although no spring is shown on the mandrel).
The induction coil and the temperature monitoring radiation
pyrometer are shown at close range in Figure 7.

After several springs were hot-wound on the system
shown in Figures 4, 5, 6, and 7, a quench mechanism was
added to the system. As shown in Figures 8 and 9, the
major quench components were (1) a large reservoir tank
of 100 gallon capacity, (2) a small bath tank around the
mandrel, and (3) a low-pressure spray nozzle (Figure 9).
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FIGURE 5 Control Panel Shown
at Left in Figure 4.
(11-199-899/AMC-72)
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A circulation pump was located in the reservoir tank, but
it is not well illustrated in Figure 9. Since most quench
0ils present a fire hazard when sprayed on hot metal, a
substitute coolant was necessary. An inverse soluble,
nonflammable 1iquid organic polymer, oxyalkylene, in a
water base was selected. (The brand was Tenaxol Ucon
Quenchant A.) The polymer precipitates from solution
above 165°F and coats or partially insulates the part

from the water. The water is normally a very drastic
quench and, by varying the percentage of polymer in the
bath, a violent water quench to a slow o0il quench can be
achieved. Little experimental work was expended research-
ing the variables of the organic polymer or similar sub-
stitutes since it was not germane to the feasibility study,
although a coolant other than o0il was certainly necessary
to the quenching technique used. Further quenchant re-
search was also not persued because the polymer quenchant
is in use commercially, in fact, one heat treater has
changed to the polymer exclusively on an entire furnace
line and eliminated use of 0il quenching throughout his
plant, (Reference 2). Because the polymer coats the hot
metal, a violent agitation of quenchant is not recommended
by the quenchant manufacturer, hence the low pressure spray
nozzle mentioned earlier and a small circulating bath tank
for the cooling spring to rotate in. Other advantages of
the polymer quenchant include: (1) No degreasing - most

of the polymer is dissolved back into the quenchant as

the spring cools, (2) No o0il1 smoke during tempering from
deletion of the normal cleaning or degreasing operation,
and (3) The polymer is nonsurfactant (not an oxygen
"getter") and can be disposed of in sewer systems without
creating a pollution problem such as oils do.

Winding Springs

Once the system was developed, Tittle problem was en-
countered winding the three spring materials. Winding tem-
peratures from 1500°F to 1900°F were used. The maraging
steel was more resistant to bending and higher winding
temperatures were necessary to prevent bending or breakage
of the fixture that held the induction coil. Only one
small center bolt directly below the mandrel held the
fixture to the lathe feed. With a stronger fixture the
1500°F temperature, the solution heat treatment temperature
for marage material, could have been used.

A11 springs were wound by activation of the induction

coil and initial hand-feeding of the end of the 1-inch wire
through this heating coil to the position shown in Figure 7.

12



The quench, if it were to be used, was turned on. The
lathe motor was activated, and the automatic lathe speed
and heat control (controlled through the radiation pyrom-
eter signal) was turned on. The "dog" shown at the top
of the mandrel would then grip the end of the wire as the
lathe turned.

For 1-1/4 to 1-1/2 mandrel revolutions the lathe feed
was left in neutral and was moved slightly by hand to form
the closed end-coil and to lead into the 8-1/2-inch pitch
helical configuration of the main spring body. The coil
fixture was also rotated about its center bolt to give the
18°41' angle required for the pitch. The fixture is shown
in this rotated position in Figure 10, although the picture
angle does not make the rotation obvious. This procedure
was reversed at the end of the spring to close the last
(oo [l I

The entire system operated automatically in a closed
loop mode, as shown in Figure 10, for the winding of the
main body of the spring. If the temperature of the wire
inside the coil (as monitored by the pyrometer shown in
Figure 7) deviated approximately + 10°F from the preset
temperature, the induction coil was automatically turned
on or off, as required, to return to the set temperature.
Furthermore, the output signal from the radiation pyrom-
eter was fed to a servomotor which changed the speed of
the lathe (Figure 11). Although no attempt was made to
perfect these controls, an external temperature monitoring
pyrometer showed that in general * 20°F to 40°F from the
set temperature was maintained. Generally, eight minutes
were required to wind a spring Although each spring was
not timed precisely, the lowest temperatures allowed faster
winding, by 1-2 minutes, and the highest temperatures
a correspondingly longer time. The speed control ranged
from mandrel speeds of zero to 6-1/4 rpm maximum; there-
fore, at top speed approximate 4-1/4 minutes would have
been required to wind a spring.

As subsequent discussion and data show, the parameters
of diameter and hardness were not maintained as would be
required in production facilities. Both of these param-
eter variations were caused by temperature fluxuations
along the length of the bar, especially the first coil
where the bar was hand-fed through the induction coil and
the temperature estimated visually by color change. A
variable speed-driven roller on the feed side of the coil
could eliminate this problem.

13
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FIGURE 11 Schematic of the Controls
Used in the Hot Wound Spring Unit.
(11-199-1678/AMC-72)
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The winding process was reduced considerably by wind-
ing at the austenitizing temperatures and quenching on the
mandrel, as Table I illustrates. Many manufacturers
eliminate the step of heating to the proper austenitizing
temperature by removing the still hot spring from the wind-
ing mandrel and o0il quenching the spring. This practice
is not allowed by the manufacturing specification MIL-S-
13572 for Class A Springs. One benefit of not allowing a
quench from normal hot wind operations is a reduction of
grain size. Manufacturers who quench from winding must
hot-wind at high temperatures - causing grain growth -
because of at least two factors. First, the spring while
being transported from a furnace to the coiling equipment,
while being coiled, while being removed from the coiling
mandrel, and while being transported to the quench is
losing heat; therefore, the wind temperature must be high
enough to allow the spring to be above the critical quench-
ing temperature (Ar ) when it reaches the quench tank.

Second, the hotter the straight bar or wire being used,
the lower the power required to coil the bar and the Tless
rigid and costly the winding equipment needs to be. The
undesirable features of both factors were eliminated in
the experimental hot-winding system by heating and quench-
ing any given coil within approximately one minute.

The hot-winding practice required by MIL-S-13572 for
Class A Springs also has disadvantages. The second heating
for austenitizing causes more scaling and decarburization
since manufacturers do not have controlled carbon potential
atmospheres in their hot-winding or their heat-treating
furnaces. Requiring controlled atmospheres would probably
mean manufacturers would have to purchase new furnaces in
both areas plus atmosphere generating equipment and controls,
all of which would be prohibitively expensive. A further
disadvantage of the military specification practice is size
control. Further heating and cooling tends to distort the
spring configuration, especially the long open-coil type of
spring used in the M140 Gun Mount These disadvantages are
minimized in normal manufacturing by holding furnace times
to a minimum and, in some cases, putting the springs on
fixtures before heat treating. The decarburization is es-
sentially zero in the experimental system and, with good
heat-control, distortion is not a problem; indeed, the
mandrel acts as a heat-treat fixture. The experimental
system can, therefore, comply with the intent of the military
requirements while minimizing or eliminating the disadvan-
tages of those requirements. The system can be adopted to
in-use conventional-systems by adding an induction unit
and quench tank

16
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Cost of equipment and power, of course, must be con-
sidered. One spring manufacturer in private correspondence
estimated $90,000 as the cost of a new furnace without
atmosphere control just to be used to heat bars approxi-
mately 27 feet long for hot winding The cost of a heat-
treat furnace would depend at great deal upon size which
would depend upon the total requirement of a given manu-
facturer; it would probably be considerably less than the
large bar furnace. The experimental system requires one
induction unit that, dependent upon size, would cost approx-
imately $50,000. Both the current manufacturing system and
the experimental system require comparable winding equipment.
The latter would require the gquench modification but this
would be no costlier than the oil-quench systems needed in
current manufacturing processes

The power requirements, of course, will also vary
from manufacturer to manufacturer depending a great deal
upon total volume of an operation and discounts on natural
gas or electricity The power cost to heat the bar in the
experimental system was $0.30 based on the use of 60% of
the rated 150 KW induction unit and on an estimated 85%
efficiency of the generator that supplied current to the
induction station transformer and capacitor bank (1.7¢
per KWH). This cost will generally be higher than gas
heating; one estimate for gas was $0.23 per bar based on
$0.003 per pound of material ($0.63 per 1000 ft® of gas
and 27 ft. bars). The cost of heating the coiled spring
for quenching, to comply with the military requirements,
would make the power costs comparable; hence, the two
systems would cost nearly the same to heat a bar but the
proposed induction heating system would cost approximately
half as much to procure as convent:cnal heating systems
and the proposed system can eliminate cr combine several
operation steps.

Al11 23 pieces of 1-inch wire used in the project
were coded as shown in Table Il From these five springs
of 5160-H material, two of 9262-H and two of Grade 250
maraging were made for a total of nine acceptable springs.
Spring V was 10 pounds (1/3%) beiow the 2800 pound minimum,
but this alone is not considered significant. Two springs
were used in preliminary winding to test the system; two
springs that were air cooled from winding were later heat
treated improperly; five springs were used in quench tests
concomitant with winding; one spring was not completed be-
cause of a power failure in the induction unit; two springs
slipped from the mandrel! dog in the process of winding,
and two pieces of 5160-H stock were not used. Many of the

18
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springs or partial springs, which failed load tests,
yielded considerable laboratory test data, e.g., hardness,
microstructure, and configuration data. The results from
these springs are included in the following data and dis-
cussion.

Diameter Variance

The spring diameter is controlled principally by the
diameter of the mandrel upon which the hot bar is wound.
The air-quenched springs (A-D, Table III) were hot-wound
on a straight 11-1/2-inch 0.D. mandrel. Since the springs
had to be hammered off the mandrel and, because of verbel
manufacturer's reports of shrinkage on to the mandrel,
the mandrel was tapered from 11-1/2 inches for the first
coil to 11-1/4 inches for the last coil while quench modi-
fications were being made. No attempt was made to make
several mandrels of various shapes and sizes to determine
which size and configuration would best meet the drawing
requirements; most manufacturers will have much experience
already. A1l of the springs quenched on the mandrel were
easily removed from the mandrel.

The co1l diameters for four different winding tempera-
tures are given in Table III. The average diameter of the
hotter springs was greater, i.e., more springback occurred
because of the lower elastic modulus of the hotter bar
(yield strength, true stress-strain, and plastic strain
also influence springback p. 56!, Reference 1). No sta-
tistical differences, however, could be inferred either
from coil to coil within a spring or from spring to spring.

Snedecor's "F" test for variance ratio was applied to
each spring (1) by placing the eight diameters into two or
four groups and comparing groups, (2) by using all the
diameter values from one spring as a group and comparing
one spring to another in groups of two, or comparing the
springs in groups of four. The "F" test is a test for
internal consistency of a single string of measurements
where the variance between sample groups is compared with
the variance within sample groups. The calculated "F"
values were compared with standard tabular values that
would be exceeded by chance alone 5% of the time. In no
case did the calculated value exceed the tabular value,
hence, no statistical difference could be drawn. See
Appendix B for the Focal language computer program used
to calculate "F" values and a table of the results.

20
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Similarly, the Student's "t" test was applied to com-
pare the diameter values of one spring to the values of
each of the other springs. The "t" test compares the
difference between averages. Again, a 5% probability level
was chosen, and, again, the calculated "t" values were
always less than the standard values, hence, no statistical
difference could be inferred. The Focal language computer
program and the "t" values are given in Appendix C.

The "as wound" diameter of four springs that were
quenched on the mandrel are given in Table IV. Compared
with the air-quenched springs of the same material (Table
IIT), the average diameter at a given temperature is larger.
The "F" values for these springs are given in the first
four groups tabulated in Appendix D. No difference was
found when the diameter values for a spring were compared
in groups of two or in groups of four. The latter com-
pared the first four coils with the last four coils to
measure the effect of the tapered mandrel on the diameter.
The within sample variance was too great to detect a
between sample (first half to second half) variation.

The "F" test did not reveal a difference from spring
to spring when compared one to one or all four at one time.

The "t" values in which averages are compared are
also given in Appendix D. In only one case was a signif-
icant difference noted when the diameter values of Table
IV were compared in groups of two. When the diameter
values of Table IV for quenched springs were compared with
air cooled values in Table III, a more significant differ-
ence appeared as is shown by the calculated "t" values ex-
ceeding the standard values, i.e., the quenched (18%
polymer in H,0) diameters are larger even though the man-
drel was tappered 1/4 inch smaller at one end.

Few measurements were available to determine the
changes one might expect during heat treatment and pre-
setting. However, the data for Springs D and F (Table V)
indicate slightly Targer diameters following the presetting
(cycling from free height to solid, Figures 1-3). The
statistical "F" test results revealed no significant differ-
ence in the internal consistency of data for Spring D
except for the tempered condition when the diameters were
compared in groups of twos (F calculated = 11.17, Std. =
6.59). Similarly the "t" test found no statistical differ-
ence between the average diameters of the different con-
ditions given in Table V for Spring D. The data for
Spring F, however, indicated a significant difference in
diameters from end to end in the preset condition, al-
though, no difference was found in the as wound-quenched

22
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condition. The "t" test cannot be considered completely
valid when applied to the internally not consistent preset
data for Spring F, but the test results indicated a signif-
icant difference between the two sets of data given for
Spring F. From these limited number of statistical tests
one can tentatively conclude that quenching on the mandrel
subsequently produces a tapered spring significantly larger
in diameter than it was as wound, whereas air cooling and
subsequent heat treatment is inconclusive. Close examina-
tion of the data for Spring D shows a wide scatter in diam-
eters; hence, the inclusive results.

Height Variance

Since the end coils were not made mechanically, much
human error exists in the absolute height values from spring
to spring. The percentage of change, however, is important
in spring manufacture. As Table VI shows, the percentage
of loss is generally less for maraging steel than for the
low alloy steels. The heights to which the springs were
wound were estimated from Equation (10) of Appendix E.

The springs lost approximately 1 inch in height when changed
from a horizontal position to the vertical position in which
load measurements and preset data were collected. Note

that the springs were not tapered or ground on the ends
(Figures 1-3) as the drawing in Appendix I illustrates.
Therefore, the solid heights of the test springs tended to
be larger and influenced the estimated wind heights.

Microstructure Variance

An increase in winding temperature affects the grain
size most notably with lTesser effect upon hardness, load,
or spring size. Subsequent austenitization heat-treatments
can refine the grain size; hence, the effect is best seen
in the springs listed in Table VII. The higher temperatures
produced larger grain size in all three materials. Generally,
best mechanical performance is obtained with fine-grained
materials. For this reason, as discussed earlier, the
spring manufacturing specification MIL-S-13572 (Para 3.1.2)
requires Class A Springs to be cooled below the transfor-
mation temperature before final heat treatment. Because
most springs are hot-wound near the 1800°F-1900°F tempera-
ture range, the requirement to cool before heat treatment
(usually 1500°F-1600°F) is reasonable. Since cooling and
proper heat treating are costly operations, most manu-
facturers wrongly call the process "double heat treatment."
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Material

5160-H

9262-H

250 Marage

TABLE VII

GRAIN SIZE
Wwinding ASTM*
Spring Temperature, °F Grajn Size
J 1600 8
K 1500 7-8
L 1800 4-6
Q 1575 7-8
R 1875 4-6 .
S 1540 8
T 1500 8.
v 1900 5-6
W 1900 6
ZN'], where n = number of grains per square

inch at 100X magnification and N = ASTM
grain size. Therefore, larger grain

size (fewer per square inch? is indicated
by smaller numbers.
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The proper heat treat also increases coil distortion as
does any heating and quenching operation. The system, de-
scribed in this report, eliminated the necessity for re-
heating by demonstrating that winding at the proper heat-
treat temperatures is feasible and, further, that the
system can help reduce distortion by quenching on a fix-
ture, viz., the winding mandrel.

The drawing (Appendix A) requires 100% martensite
with no bainite or ferrite in the microstructure of the
low-alloy steels. Load parameters can be met with less
than 100% martensite; however, similar to fine-grain size,
the all-martensitic structure is generally considered
superior in performance than mixed microstructures. Com-
pletely martensitic structures are readily obtained in the
9262-H material with an oil quench. The reverse soluble
polymer (22%) in water produced all martensite in 9262-H
quenches from 1875°F (Spring R) but not in 9262-H quenched
from 1540°F (Spring S). At an 18% level in water a near
100% martensite structure was produced from 1575°F (Spring
Q). Therefore, at 10-15% concentrations, the quench would
satisfactorily duplicate 0il quenching from 1500°F. Ref-
erence 2 which was published after completion of the work
in this reports suggests 10-13%.

The 5160-H steel produced similar results with the
15% polymer and would require lower polymer concentrations
for quenching from approximately 1500°F. At higher metal
temperatures of 1600°F-1800°F, the 5160-H material quench
cracked, but responded satisfactorily when air cooled from
higher temperatures and then properly heat treated.

The maraging material will produce a 100% martensite
structure with a slow air cool, hence, quenching to form
martensite is not a problem. Undesirable precipitates can
form, however, if the maraging steel is cooled slowly by
air, especially in the higher temperature ranges of
1600°F-1900°F. A quench was therefore used.

Quenching on the mandrel followed by tempering pro-
duces clean surfaces. Little scale was formed and only
rare traces of partial decarburization were detected on
any of the samples from the three materials. Normally the
9262-H material has 0.005 to 0.008 inch decarburization,
0.002 inch of which has total loss of carbon. This im-
provement in normal spring applications can increase life
tremendously. Experience has shown that the 5160-H steel
is less prone to decarburization, but 0.002 inch is not
uncommon. Chemistry changes in the low-carbon marage
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material are also usually low. But, here too, keeping
the change to a minimum is a beneficial step to spring
manufacturing.

Hardness Variance

A11 hardness measurements were made on transverse
disks about 1/4-inch thick cut from selected coils. The
measurements were taken along a line parallel to the
diameter as shown in Figure 12. A considerable hardness
range was usually found from coil to coil and sometimes
even within a coil (Tables VIII and IX). This was to be
expected since, as mentioned in the discussion of winding
springs, no attempt was made to perfect temperature con-
trols; thermal variations existed; hence, different quench
rates and hardness readings were obtained. Induction
heating units with + 10°F or less variation, i.e., compara-
ble to production furnace accuracy, are available.

Because of the wide range in hardness values, no group
of the 9262-H steel hardness readings passed the statis-
tical "F" test as being consistant, e.g., Spring T in
Table IX. This indicates that a process variable, heat,
was influencing the hardness beyond normal statistical
variation. Similar "F" test results were obtained from
Springs A (Table VIII) and J of the 5160-H steel, and
springs V and W of the maraging steel; the remaining hard-
ness values were not subjected to statistical analysis.

CONCLUSIONS

1. Helical spring manufacture is feasible with in-
duction heating methods, at least, in stock up to 1-3/32
inches in diameter.

2. The springs can be coiled at austenite tempera-
tures normally used in heat treatment.

3. The coils can be quenched on the mandrel as sub-
sequent coils are being heated and wound.

4. The as-coiled springs quenched on the mandrel
had larger diameters than springs that were air-cooled.
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RECOMMENDATIONS

1. A driven variable speed roller is needed to feed
the first part of the bar stock through the indugtion coil
and produce even heating of the stock from end to end.

2. A variable coiler (lathe) feed control, such as
commercial manufacturers have, is highly desirable to re-
produce uniformly any type of variable pitch springs.

3. Accurate closed-loop temperature control with
two temperature sensors - one to monitor in the coil and
one to monitor material just in front of the quench - is
highly desirable to control point to point temperature
fluctuations.
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APPENDIX B

Snedecor's F Test
Variance Ratio Test

A Test for "The Internal Consistency of
a Single String of Measurements" *

Digital Computer Program by N. E. Hinfiksson

Based on Equations and Discussions from References 3 and 4.

C-F0OCAL, 1969

Ml.1? A “ENTER NUMRER OF VALUES ",N;A "ENTER NUMBER OF GROUPS ",G
M1x13 S P=93S CF=055 R=M3S B=A3S 9=N/G3F I=1,N3p X;D 2

A1e15 G 4.2

A2e¢1% S T=T+X%X3S BR=B+X12;1 (I/Q-FITRC(I/Q)) 2¢2,2:3,2.2

N2.28 S A=A+X; R

N2.34 S A=A+X3S R=R+G*At2/Ni S A=03R

A4.20 S CF=Tt2/N5S Z1=(R=-CF)/(G-1)3S Z2=(R-R)/(N-G)3 T !11!,%8.02

A 4.5 T ™ SOURCE OF sSuMS OF DEGREES OF VARIANCE", !
P4.60 T * VARIATION SQUARES FREEDOM ESTIMATE", !
4.7 T !, "RETWEEN SAMPLES ', R-CF, %Z8.0,G-1," ", ZB.02,715 !
A4s71 T "WITHIN SAMPLES ', B-R,2R.2,N-G," "y ZRM2,Z2, !

A4e72 F 1I=1,403T ="

A4.73 T ! TOTALS "y B=CF» Z8+0,N=-1," F FACT"»Z8.02,721/22
AS5.10 S M=FSQTC(B-CF)/(N-1)1/FSQT(N/G); S AV=T/N

AS5.13 T 11,"AVERAGE"» 28.04,AV, !> "WARNING LIMITS Uy

A5.15 T "LOWER'", AV=-2xM, " UPPER", AUV+2%M, !

A5.19 T "ACTION LIMITS LOWER"> AV=-3%xM, " UPPER",» AV+3%M, 1!

*

*From p. 7 reference 5.
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APPENDIX C

Student's "t" Test

A Test for Difference in Averages*

Computer Program by N. E. Hinriksson
Based on Equations and Discussions from References 3 and 4.

C-FOCAL, 1969

M1.10 A XB.N6, ""NUMBER OF VALUES: FIRST GROUP *,N1

01.20 A '"NUMBER OF VALUES: SECOND GROUP ',N2

01.30 S A=0;S B=03F I=1,N13A X3S A=A+X;S R=B+X12

Ni.40 S S1=R-A12/N13S Al=A/N1

A1-50 S A=03;S B=03F I=1,N25A X3S A=A+X;S B=B+X12

Al.64 S S2=R-A12/N2;S A2=A/N2

#1780 T !5 '"AVERAGE: FIRST GROUP '",Al,!,"AVERAGE: SECOND GROUP'',A2,!
01.85 S Z=FABS(A1-A2)/FSOTC(C((NI+N2)*(S1+S2))/C((NI1*N2)*(N1+N2-2)))

A 1490 T "STUDENT'S 'T' FACTOR '»7Z,!
@1.95 T '"DEGREES OF FREEDOM "y 265 N1+N2=-2, !
%

*From p. 13 of reference 5.
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Equations for Spring Built Heignt

and Maximum Stress After Presetting

= PSS s mevmsons BY _Yajter Pone DATE

The folloving equations were derived to provide a mcthod to determine the theoretieal

free heignt 'n of a spring prior to presetting. The equations should help any spriag

menufacturer avoid the trial and error method usually employed. - Figure 1 shows the
eross seetion of the sprinz wire and extent of torsional stress prior to yielding.

gl “wr 2. _!_'“

Figure 2 snows the extent of torsional siress assuming the meterial had an irnfinite
elastie 1imit. The stress assiming an infinite elastic limit is illustrated by the
dotted line and is desis natcd’)’ The actus) torsional yield stress is designated
’)’ snd the diameter ind*eating r.ne extent onyielding is "Dy .

£
T

3 4 A 1lso assume

Assume 8 torque "Ty" is spplied that is vithin the elastic 1im{% s S0
a torque "Tn" is applied that is stressed to "7;'".

(1.) Then also lct Tn=Ty, since Tn is produced by the same coil radivs and load.

¥here p - any distence o tward, from center o.

Tn = @7YedA then .—.2?7{, from e = “In
& ' e ®  Dj2
() end, dA - 2TrePae

Then

Sp (297'n) GUEBE h?f?:t 5 Q3dp

SIREERT 2l GiRc i

N R T LR, 2

v

Lo o W R R il T RV

- rmerar=e o

AMS.\\E Form 2.48,; 1 MAR 69 . R REFPLACES, SWEKI qu 31553, dun 60, . DtSiGI’i CALCULATIO W -

WHICH 15 OBSOLE
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Equations for Spring Built Height
and Maximun Stress After Presetting

BYy |Vzlter FPape DATE

D/2
(2.) m:hl)'g‘,i ] :1{1;1)3

(o]

Also let,

ij“;“ -+ éwg aA

3
7
"

\r.'here’YQ z 2?;1)3 s from ,_EQ_ - %2

1

Then
D, /2 D/,

% @mee)-\- Q’)‘&(ﬂf@de)
o Dy/2

or = 'Y Dl/sa | P v 2
L h’l;l; S? 42 + &Y Q2@

p1/2

) 5 3 %3 - %03
(3.) T.s-'L'El%a +711; P

Then from equations 1, 2 and 3.

3 3 3
A P = D,
16 16 + 12 12

or

(s.) n13:1>3(h-31/7;) or 1=D3‘/‘*—3%:;—

Letting "l’l = 2dditive residual stress st D1/2

7T

regative residual stress at D/2

SHEET OF-_I:,_

‘AMSWE Ferm 248, 1 MAR 69 REPLACES SWER! Form 3:8-3, Jun 60, DESI J calc"' A‘lo l

WHICH IS OBSOLETE.
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Equations for Spring Built Height
and Maximum Stress After Presetting

- . - BY |“alter Pape DATE

A;md from the relation,

T _ _3/ g :
/T:‘.(y ’T' vhere,P-b_- & 37:-3

1)
D/2 D,/

Then assume the sprinz is loaded after presetting, the stress distribution
is illustrated in figure 3.

~——— D -

Fram the ratio

/);. - frmax -(Ti

D D.

- VMeret: Stress due loading based on A
or deflection from new free
fr height due to presetting
max - Jy -\-‘Zuh

Then combining with equetion b,

(i) 'rr’nax :7;' -k-’\r?’ h — 3—:;—;—

and substitutinz ea 5. ior ’ 1

JERORA A ensys

L1} "

For stress at the surface of the wire after presetting and upon loading;

SHEET _32_OF_1 _ |

J——
AMSWE Fom -248;-1 MAR 6‘9:~* I REPL{QCEI%’.EZE-:?SI.&FBQ;BL.;{,B_E"(. dun 60, g DESIG“ ‘CAlCU:.i\(HO:l
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Equatiocas for Spring Built Height
and Maximum Stress After Presetting

BY Valter Pape DATE

e
but by substitutinz eq 6. for I,
@I E-TT— (="

To determine the approximate built height "hp" prior to presetting, we let "Dl" in
equation (k) equal zero.

Then’71|; &_fY;
3

But the stress "'):." vhich assumes infinite elastic limit could equal the stress
rate "A" times the Vahl factor "K' multiplied by the built height "h " minus
the solid height "h " or, P

(10.)7: = AK (hp = hs)

or {hp = hT! + solid height
3AK

wamsa > waa.

for the M140 Mouat Spring Xnown;

’T‘:! - 140 000 psi

A - 3735 psifin

K =1..115

hs = 9-5 in.

hp = 4 (140000) -+ 9.5 - 54.32 inches. !

3x3735x1.115 i
'Tn - (54 — 9.5) AK = 185000 psi

Thax - 10000 3 fu - 3lfP00. [ 185000 — 155000]
r):xax = 130000 psi

')3 = 110000 psi

SHEET _4_of b _

e - = —l
AMSWE Ferm 248, 1 MAR 69 REPLACiSmémEIRSI o?s’%':.fs‘?é’.' Jun 60, DES'GH c‘“_cu“a ﬂUH
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with proper load-carrying capacity were produced from each of the with proper load-carrying capacity were preduced from each of the
materials. materfals.
with proper Toad-carrying capacity were preduced from each of the with proper load-carrying capacity were preduced from each of the

materials. materials.
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with proper load-carrying capacity were produced from each of the with proper load-carrying capacity were preoduced from each of the
materfals. materfals.
with proper load-carrying capacity were produced from each of the with proper load-carrying capacity were preduced from each of the

matertals. materials.



